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temperatures are required to fuse the coarser material. A longer
time is consumed in the process of fusion. The coarser material may
remain undigested or partly digested in the glass.

Finely powdered silica in a poorly graded sand is objectionable.
It causes an appreciable loss' due to the fine material being carried
over by the blast of air and gas before it melts. As a result there is
both a loss in the bulk of material desired and a change in the com-
position of the finished product.

5.    Angularity of sand grains.

According to Bulletin 2S5, p. 454, of the U. S. Geological Survey,
glass sands composed of well rounded grains have been successfully
utilized in glass manufacture. Sands consisting entirely of well
rounded and water worn grains have not, however, been popular in
the factories visited. Angular sands fuse more rapidly, for the fus-
ion begins on the corners and edges, and the surface area, volume per'
volume, is greater.

6.    Freedom from clays.

Sands to be used in the manufacture of glass should not contain
an appreciable amount of silt or clayey matter. Clayey materials tend
to cloud the glass. Kaolinite itself is highly refractory and renders
a sand containing this mineral unsuitable for use in the manufacture
of glass.

7.    Freedom from iron.

For nearly all kinds of glass the iron oxide, Fe,03, percentage
should be as low as possible and preferably less than 1 per cent.
This higher limit is permissible in the manufacture of the cheapest
green bottles. For the best varieties of glass such as optical glass,
flint glass, plate glass, water white stem ware, the iron content in the
sand used may vary from 0.02 to 0.08 per cent. As previously noted
the maximum iron content in sand permitted by one company visited
was 0.005.

The introduction, however, of selenium, Se, as a decolorizer
makes possible the use of sands containing more than 1 per cent of
iron oxide. Selenium is a rare and expensive element, and the use of
much selenium adds to the cost of the finished product. One factory
reported that the color of glass could be controlled perfectly by the
use of selenium even with 2 per cent of iron oxide in the sand.

8.    Freedom from alumina, lime and magnesia.

These are refractory oxides with higher melting points than silica,
and therefore they lengthen the time required in the process of fus-
ion. The almuina arises largely, in addition to kaolinite particles al-
ready noted, from the feldspar grains and grains of ferromagnesian
minerals that may be present in the sand. The lime arises from the
calcareous cements binding the sand grains together or the coating
of calcium carbonate upon the individual sand grains. The magnesia
arises largely from the minute grains of various ferromagnesian min-
erals in the sand.han 0.5 mm. in diameter. Higherection of the raw....... . ........................................................................................ 146)     Sectional Map Showing the Distribution of Glass Sands in
